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growth	 and	 chain	 growth	 tend	 to	 produce	 inexact	 polymer	 sequences	 with	 broad	 ranges	 of	
molecular	 weights.	 Other	 techniques,	 such	 as	 solid	 state	 peptide	 synthesis,	 that	 allow	
construction	of	sequence	defined	oligomers,	grow	at	a	sluggish,	linear	rate.	This	research	aims	to	



























































































































	 Classically,	 polymers	 have	 been	 synthesized	 in	 one	 of	 two	 ways,	 either	 through	 step	





increase	 in	MW	 of	 polymers.	 Oftentimes,	 step	 polymerization	 reactions	 are	 driven	 by	 some	
















.	 The	 chain	 growth	mechanism	 requires	 an	 initiator	 that	 forms	
some	 reactive	 species,	 which	 then	 undergoes	 polymerization.	 This	 initiation	 can	 be	 cationic,	
anionic,	 or	 radical,	 and	 therefore	 tolerates	 a	 wider	 range	 of	 functional	 groups	 than	 step	
polymerization.	 Once	 a	 chain	 is	 initiated,	 it	 can	 then	 begin	 to	 grow	 through	 the	 addition	 of	
monomers.	Unlike	step	polymerization,	monomer	can	only	react	with	a	growing	chain,	it	cannot	



























be	 described	 as	 a	
convergent/divergent	 approach,	
beginning	with	a	dormant	monomer	
that	 includes	 two	 distinct	
functionalities,	 which	 are	
orthogonally	deprotected,	affording	
two	 reactive	 species.	 These	 two	
reactive	species	are	then	combined	
in	 a	 chemoselective	 manner,	
resulting	in	a	dormant	dimer,	which	
has	 identical	 protected	
functionalities	 to	 the	 dormant	 monomer.	 The	 dormant	 dimer	 can	 then	 undergo	 a	
deprotection/coupling	cycle	analogous	to	the	monomer	to	generate	a	tetramer,	etc.	Once	the	
desired	size	oligomer	has	been	generated,	the	resulting	macromolecule	will	contain	a	precisely	
defined	 sequence,	 and	 a	 chain	 length	 of	 2
n










such	 as	 solid-state	 peptide	 synthesis	 developed	 by	 Merrifield	 et	 al4.	Merrifield	 identified	 a	
method	of	 producing	 specific	 peptide	 sequences	 by	 attaching	 a	 peptide	 covalently	 to	 a	 solid	
surface,	 and	 then	 adding	 subsequent	 peptide	 residues,	 one	 at	 a	 time,	 until	 the	 chain	 is	










oligomers	 with	 up	 to	 32	monomers	 with	 a	 polydispersity	 index	 (PDI)	 of	 less	 than	 1.01.	 This	
research	will	attempt	 to	create	uniform	polymers	similar	 in	 length	and	dispersity	 to	 the	ones	
constructed	by	Hawker	et	al.	
This	research	outlines	a	new	strategy	towards	synthesizing	oligomers	of	definite	size	by	









atom	 and	 pushing	 electrons	 onto	 the	 electron	 withdrawing	 group,	 forming	 a	 tetrahedral	
10	
	




This	 first	 addition	 is	
recognized	 as	 the	 rate-




groups	 for	 SNAr,	 however,	 it	 should	 be	 noted	 that	 the	 activity	 of	 halides	 is	 reverse	 of	 that	
observed	for	SN2-type	reactions.	In	SN2,	the	order	of	reactivity	is	I	>	Br	>	Cl	>	F,	which	is	related	
to	 the	 carbon-halogen	 bond	 strenght
6
.	When	 studying	 SNAr,	 it	 should	 be	 noted	 that	 fluorine	
shows	 increased	 reactivity	 compared	 to	 the	 remaining	halides	 such	 that	F	>>	Cl	>	Br	>	 I.	 The	
carbon-halogen	bond	strength	is	less	important	in	SNAr	than	in	SN2,	as	this	bond	is	not	broken	in	








nucleophilic	 and	 electrophilic	 functionality	 built-in.	 Each	 of	 these	 functionalities	 must	 be	
protected	to	prepare	a	dormant	monomer.	In	this	research,	the	nucleophile	has	been	protected	
with	methyl,	benzyl,	silyl,	and	tert-butyloxycarbonyl	(boc)	protecting	groups8.	The	protection	of	
the	 electrophilic	 portion	 requires	 more	 creativity,	 as	 aryl	 halides	 have	 limited	 protection	
strategies.	In	this	case,	methyl	sulfone	is	employed	as	a	leaving	group,	as	it	can	be	protected	as	
an	electron	rich	sulfide.	This	strategy	of	masking	a	sulfone	to	prevent	SNAr	reactivity	has	been	














	 The	 original	 blueprint	 for	 our	 work	 involved	 the	 generation	 of	 a	 dormant	 monomer	
centered	around	nitrobenzene,	which	was	 tethered	to	both	the	nucleophilic	and	electrophilic	


















CombiFlash®	chromatography	system.	Analytical	 thin	 layer	chromatography	 (TLC)	plates	were	



































































dissolved	 in	 5	 mL	 of	 toluene.	 The	 solution	 was	 allowed	 to	 stir	 for	 20	 minutes,	 then,	 2,4-
difluoronitrobenzene	 (0.26	 g,	 1.63	mmol)	was	 added.	After	 stirring	 at	 60˚C	 for	 18	 hours,	 the	
mixture	was	cooled,	and	diluted	with	15	mL	of	ethyl	acetate	before	being	washed	with	H2O	(1	x	





















































Product	 was	 then	 extracted	 using	 Et2O,	 dried	 with	 Na2SO4,	 and	 evaporated	 under	 reduced	




















mmol)	were	 dissolved	 in	 5	mL	of	 ethyl	 acetate.	 After	 stirring	 for	 16	 hours	 under	N2	at	 room	











	 Synthesis	of	9b.	Methyl	 sulfide	dimer	9	 (0.50	g,	 0.84	mmol)	was	dissolved	 in	2	mL	of	
anhydrous	DCM.	The	mixture	was	then	cooled	to	-78˚C,	and	placed	under	N2.		1	M	BCl3	(0.33	mL,	
0.33	mmol	was	 then	 added	 dropwise	 via	 syringe	 into	 the	 stirring	 solution.	 After	 1	 hour,	 the	
mixture	was	quenched	by	adding	0.5	mL	of	MeOH.	Product	was	deprotonated	and	extracted	from	
the	organic	layer	with	0.5	NaOH	(5	x	25	mL).	The	aqueous	layer	was	then	neutralized	with	1M	HCl	



























































were	 dissolved	 in	 15	 mL	 of	 ethyl	 acetate.	 After	 stirring	 for	 16	 hours	 under	 N2	 at	 room	
















































	 The	 synthesis	 of	 the	 1st	 generation	 dormant	 monomer	 began	 with	 addition	 of	 the	
nucleophilic	portion	of	 the	molecule,	
3-methoxy	 phenol,	 combined	 with	
2,4-difluorobenzene,	 to	 afford	 1a	
(Scheme	 4).	 It	 was	 quickly	 realized,	






rates,	 resulting	 in	 substitutions	 at	 both	 positions,	 confirmed	 by	
1
H	 NMR	 (Figure	 1).	 The	 two	
regioisomers	 1a	 and	 1b	 were	 inseparable	 through	
silica	column	chromatography,	so	the	reaction	had	to	
be	 modified	 (Scheme	 5).	 To	 engender	 an	 ortho	
regioselective	SNAr	addition,	a	method	pioneered	by	
Bhagat	 et	 al.	 was	 introduced11.	 This	 method	
optimizes	 the	 stabilization	 of	 the	 ortho-addition	
through	the	formation	of	a	polar	six-membered	transition	state	complex	(Scheme	6).	As	shown	
in	 the	 figure,	 the	 oxygen	 contained	 in	 the	 nitro	 group	 is	 stabilizing	 the	 potassium	 cation	
associated	with	 the	 phenoxide	 nucleophile.	 The	 key	 to	 forming	 this	 six-membered	 transition	
state	 complex	 is	 using	 a	 non-polar	 solvent,	 such	 as	 toluene,	 as	 polar	 solvents,	 like	 dimethyl	
formamide	(DMF),	would	solvate	the	cation,	disallowing	such	a	transition	state.	Following	this	
method,	1a	was	 formed	regioselectively	 in	90%	yield.	From	1a,	 the	dormant	monomer	2	was	













(mCPBA)	 (Scheme	 7)	with	 reasonable	 yield.	 However,	 the	 nucleophilic	 phenol	monomer	was	
unable	to	be	synthesized,	as	the	methyl	protecting	group	could	not	be	removed	through	a	variety	



























formed	 (Scheme	 8).	 3a	was	 then	 added	 to	 2,4-difluoronitrobenzene,	 where	 it	 underwent	 a	
regioselective	 SNAr	 to	 form	 4.	 Sodium	 thiomethylate	 was	 added	 in	 the	 hopes	 of	 forming	 5,	
however,	the	excess	of	thiomethylate	added	to	the	reaction	likely	cleaved	the	TIPS	group	as	well,	














seen,	 likely	due	 to	 the	
nucleophilic	 lability	 of	






















7	 and	 debenzylated	 8b	 were	
combined	with	 K2CO3	 in	 DMF	
(Scheme	 12).	 Dimer	 9	 was	







was	 also	 debenzylated	 following	 using	
BCl3	 (Scheme	 13).	 The	 combination	 of	
9a	and	9b	was	a	consequential	step	 in	
the	IEG	strategy,	as	it	was	the	first	test	
of	 the	 efficacy	 of	 methyl	 sulfone	 as	 a	
leaving	 group.	 Although	 the	 use	 of	


















































































































was	modified	 in	two	ways.	To	start,	 the	aliphatic	chain	was	 increased	from	3	to	6	carbons,	 in	








the	 system	was	modified	 to	 negate	 any	 effects	 of	 the	 Smiles	 rearrangement.	 The	 improved	
dormant	monomer	synthesis	was	 formed	by	combining	N-Boc-1,6-Diaminohexane	15	with	 	4-
chloro-6-(methylthio)-pyrimidine	 to	 form	 dormant	 monomer	 16.	 In	 order	 to	 test	 the	
effectiveness	 of	 the	 current	 system,	16	was	 oxidized	 to	 the	 sulfone	16a	 and	 combined	with	
another	 equivalent	 of	 15	 to	 form	 17.	 Preliminary	 data	 has	 showed	 that	 17	was	 successfully	
synthesized,	however,	further	purification	and	data	acquisition	must	be	performed	to	verify	this	
result.		
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Figure	1.	1H	NMR	spectrum	of	1a	and	1b	mixture.	
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Figure	2.	1H	NMR	spectrum	of	1a.	
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Figure	3.	Stacked	1H	NMR	spectra	of	1a	and	1b	above	pure	1a.	
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Figure	4.	13C	NMR	spectrum	of	1a.	
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Figure	5.	19F	NMR	spectrum	of	1a.	
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Figure	6.	CI	Mass	spectrum	of	1a.	
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Figure	7.	1H	NMR	spectrum	of	2.	
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Figure	8.	CI	Mass	spectrum	of	2.	
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Figure	9.	1H	NMR	spectrum	of	3a.	
	
43	
	
	 	
Figure	10.	1H	NMR	spectrum	of	4.	
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Figure	11.	CI	Mass	spectrum	of	4.	
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Figure	12.	1H	NMR	spectrum	of	5a.	
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Figure	13.	1H	NMR	spectrum	of	6.	
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Figure	14.	13C	NMR	spectrum	of	6.	
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Figure	15.	1H	NMR	spectrum	of	7.	
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Figure	16.	13C	NMR	spectrum	of	7.	
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Figure	17.	1H	NMR	spectrum	of	8.	
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Figure	18.	13C	NMR	spectrum	of	8.	
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Figure	19.	1H	NMR	spectrum	of	8b.	
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Figure	20.	1H	NMR	spectrum	of	9.	
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Figure	21.	ESI	Mass	spectrum	of	9.	
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Figure	22.	1H	NMR	spectrum	of	9a.	
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Figure	23.	1H	NMR	spectrum	of	9b.	
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Figure	24.	1H	NMR	spectrum	of	11.	
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Figure	25.	13C	NMR	spectrum	of	11.	
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Figure	26.	CI	Mass	spectrum	of	11.	
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Figure	27.	1H	NMR	spectrum	of	11a.	
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Figure	28.	1H	NMR	spectrum	of	11c.	
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Figure	29.	1H	NMR	spectrum	of	13.	
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Figure	30.	13C	NMR	spectrum	of	13.	
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Figure	31.	1H	NMR	spectrum	of	13a.	
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Figure	32.	1H	NMR	spectrum	of	13b.	
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Figure	33.	1H	NMR	spectrum	of	13c.	
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Figure	34.	1H	NMR	spectrum	of	16.	
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Figure	35.	13C	NMR	spectrum	of	16.	
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Figure	36.	ESI	High	Resolution	Mass	spectrum	of	16.	
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Figure	37.	1H	NMR	spectrum	of	16a.	
